REPORT RESUMES 

ED 020 327 vt 004 420 

THE ROLE OF MATHEMATICS IN ELECTRICAL-ELECTRONIC TECHNOLOGY. 
BY- BARLOW, MELVIN L. SCHILL, WILLIAM JOHN 
CALIFORNIA UNIV., LOS ANGELES 

PUB BATE 62 

EDRS PRICE MF-$0 • 75 HC-15.46 135P. 

DESCRIPTORS- ^ELECTRONICS TECHNICIANS, ^EDUCATIONAL NEEDS, 
^MATHEMATICS, JUNIOR COLLEGES, TECHNICAL EDUCATION, TECHNICAL 
MATHEMATICS, FIELD INTERVIEWS, Q SORT, TEACHER ATTITUDES,. 
EMPLOYEE ATTITUDES, SURVEYS, 

THIS STUDY WAS CONCERNED WITH DETERMINING THE KIND OF 
MATHEMATICS THE ELECTRONICS TECHNICAL WORKER ACTUALLY USED, 

OR NEEDED TO HAVE KNOWLEDGE OF ON THE JOB SO THAT JUNIOR 
COLLEGES COULD DETERMINE THE WAYS AND MEANS OF INTEGRATING OR 
SCHEDULING IT INTO THE TECHNICAL CURRICULUM. BATA WERE 
GATHERED FROM 90 TECHNICAL WORKERS, SELECTED AT RANDOM FROM 
44 RANDOMLY SELECTED CALIFORNIA ELECTRONICS COMPANIES, AND 
FROM 29 INSTRUCTORS SELECTED AT RANDOM FROM 45 JUNIOR 
COLLEGES WITH ELECTRONICS PROGRAMS. THE TWO METHODS OF 
COLLECTING DATA WERE INDIVIDUAL INTERVIEWS IN WHICH PERSONAL 
DATA AND JOB HISTORY DATA WERE COLLECTED, AND Q-SORTS WHICH 
DETERMINED MATHEMATICAL CONCEPTS OR SKILLS NEEDED TO PERFORM 
ON THE JOB. THE -3-SORT WAS A MEANS OF GETTING THE TECHNICAL 
WORKERS TO DISTRIBUTE INTO 9 DIFFERENT PILES 66 MATHEMATICAL 
PROBLEMS ACCORDING TO THE EXTENT TO WHICH THESE PROBLEMS WERE 
CHARACTERISTIC OF THEIR DAY-TO-DAY WORK. MATHEMATICAL 
CONCEPTS OR SKILLS DEFINED AS ESSENTIAL TO ELECTRONICS 
TECHNICAL WORKERS IN RESEARCH AND DEVELOPMENT WERE CONVERSION 
OF FRACTIONS TO DECIMALS, PERCENT CALCULATIONS OF TOLERANCE, 
CHANGING PERCENTAGE TO DECIMALS, CONVERSION OF METRIC TO 
AMERICAN MEASURING SYSTEM, SQUARE ROOT LONG-HAND METHOD , 
DIVISION OF SIGNED NUMBERS, SCIENTIFIC NOTATION, ESTIMATION 
OF ARITHMETIC PROBLEMS, MULTIPL I CATION WITH EXPONENTS, 

DIVISION WITH EXPONENTS, RAISING TO A FOWER WITH EXPONENTS , 

USE OF NEGATIVE EXPONENTS, RATIOS, AND PYTHAGOREAN THEOREM. 
INSTRUCTORS RECRUITED TO TEACH THIS CURRICULUM SHOULD HAVE 
HAD EXPERIENCE IN RESEARCH AND DEVELOPMENT IN INDUSTRY, AND 
HAVE COMPLETED MATHEMATICS THROUGH • CALCULUS. (HC) 
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Foreword 



The California State Department of Education through the Bureau 
of Industrial Education has been sensitive to the needs of the junior 
colleges in California for research concerning critical elements of the 
Technical Education curriculum. 

The project concerning the role of mathematics in Electrical- 
Electronic Technology was made possible through funds allocated 
to the State of California by Title VIII of the National Defense Edu- 
cation Act. The project was planned and conducted in cooperation 
with the Division of Vocational Education , University of California, 
Los Angeles. 

The Bureau of Industrial Education feels that service in the area 
of curriculum development is most important at this time of rapid 
change in the manpower profile of California. The opportunity to 
co-sponsor curriculum projects along with the Division of Vocational 
Education of the University of California at Los Angeles provides 
a significant manner in which the instructional content of trade and 
technical programs a n be updated. We are indebted to the Division 
of Vocational Education and especially to its director, Dr. Melvin L. 
Barlow, for the continued interest in building an ever better program 
of trade and technical education in California. 

Ernest G. Kramer 

Chief, Bureau of Industrial Education 

California State Department of Education 
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Preface 



The Division of Vocational Education has for many years worked in 
cooperation with the vocational services of the California State Depart- 
ment of Education to prepare studies of state-wide significance and value 
in vocational-technical education. Such studies have been largely con- 
cerned with elements of the instructional program of the public schools 
of California and were prepared as an aid to the schools in improving their 
instructional programs. The study of the role of mathematics in Electrical- 
Electronic Technology was begun in the fall of 1960 and completed in the 
fall of 1961. 

The study involved cooperative arrangements with many industrial con- 
cerns in California for the purpose of interviewing technical workers and 
for the purpose of identifying mathematical competencies of such workers. 
Industry cooperated wholeheartedly in this undertaking. Similar coopera- 
tive arrangements were made with the junior colleges having curriculums 
in Electrical-Electronic Technology. Both the administration and the in- 
structors of these junior college programs gave generously of their time 
and spent many hours with representatives of the research staff in meet- 
ings related to the study. 

Identification of all persons who have made contributions to the research 
is not possible. However, it is appropriate to identify the members of the 
advisory committee. Invitations to assist with the project in an advisory 
capacity were issued jointly by the Chief of the Bureau of Industrial 
Education, California State Department of Education, and the Director of 
the Division of Vocational Education, University of California. 

Advisors From Junior Colleges 

Norman Harris, Dean, Vocational-Technical Education, Bakersfield College, 
Bakersfield, California. 
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Frank T. Jacobs, Dean, Technical and Vocational Center, Stockton College, 
Stockton, California. 

Franklin Johnson, Dean, Los Angeles Trade-Technical College, Los Angeles, 
California. 

P. W. Knowles, Vice-President, Sacramento City College, Sacramento, 
California. 

Ivan Lauritzen, Electronics Instructor, San Diego City College, San Diego, 
California. 

Robert Moses, Chairman, Engineering and Technical Department, Pasadena 
City College, Pasadena, California, 

Phil H. Putnam, President, Compton College, Compton, California. 

Walter L. Thatcher, Director, San Diego City College, San Diego, California. 
F. Parker Wilber, President, Los Angeles Trade-Technical College, Los Ange- 
les, California. 

Advisors From Industry 

Henry Gunderson, Coordinator, Santa Clara— San Benito Counties Electrical 
Construction Industry, San Jose, California. 

Max Selby, Manager of Personnel, Hughes Aircraft Co., Newport Beach, 
California. 

Advisors From The State Department of Education 

Samuel L. Fick, Ernest G. Kramer, David Allen, Sidney McGaw, Mack Stoker, 
Van Lawrence. 

Advisors From The University of California 

Bonham Campbell, William Brownell, CDR John Meyer, Lawrence H. Stew- 
art, Fred Kin tzer , B. Lamar Johnson, Howard Wilson, Evan Keislar, Leta 
Adler, C. Wayne Gordon. 

Workshop Assistance 

Mention should be made also of the special workshops in which prob- 
lems related to the study were probed deeply. The keen insight of the 
instructors who participated in the workshops and the understanding and 
enthusiasm of junior college administrators were valuable aids to the 
research staff. Instructors from the following junior colleges participated 
in the workshops: 

American River Junior College, Sacramento, California 
Antelope Valley College, Lancaster, California 
Bakersfield College, Bakersfield, California 
Cerritos College, Norwalk, California 
Chaffey College, Alta Loma, California 
Coalinga College, Coalinga, California 
College of Marin, Kentfield, California 
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College of San Mateo, San Mateo, California 

Compton College, Compton, California 

Diablo Valley College, Concord, California 

El Camino College, Los Angeles, California 

Foothill College, Los Altos Hills, California 

Los Angeles Pierce College, Los Angeles, California 

Los Angeles Trade-Technical College, Los Angeles, California 

Long Beach City College, Long Beach, California 

Modesto Junior College, Modesto, California 

Monterey Peninsula College, Monterey, California 

Oakland City College, Oakland, California 

Pasadena City College, Pasadena, California 

Reedley College, Reedley, California 

Sacramento City College, Sacramento, California 

San Diego City College, San Diego, California 

San Francisco City College, San Francisco, California 

San Jose City College, San Jose, California 

Santa Monica City College, Santa Monica, California 

Shasta College, Redding, California 

Ventura College, Ventura, California 

Lee W. Ralston, Director of Practical Arts, Los Angeles County Schools, 
assisted with the organization of instructor conferences and acted as a 
discussion leader for the conferences. Three meetings of the advisory com- 
mittee were held: two on the Los Angeles Campus of the University of 
California and one on the Berkeley Campus. 

Richard S. Nelson 
Supervisor of Technical Education 
Bureau of Industrial Education 
California State Department of Education 
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Introduction 



The programs of vocational and technical education in the public schools 
of California have been sensitive to industrial and technological changes 
and consequently to the curriculum adjustments which such changes 
require. Advisory committees representative of the vocational or technical 
area concerned and also representative of the needs of labor and manage- 
ment assist the public schools in keeping abreast of technological change. 
The school, armed with the advice and suggestions of a group representa- 
tive of industry, makes appropriate educational adjustments to the end 
that the salable knowledge and skills of graduates are in tune with current 

industrial needs. . , 

The rate of technological change varies greatly among the various tech- 
nical areas. In the case of the electrical-electronic industry the rate of 
change has been most rapid. Since 1950, die electronic industry has grown 
at a rate of about three times that of the national economy as a whole. 

The electronic industry in California is centered in the Los Angeles area 
and in the San Francisco Bay area and radiates outward to other locations. 
Service agencies such as the Federal Aviation Agency, the IBM customer 
service installations, and local radio and television repair shops are dis- 
tributed throughout the state. Employment in the industry has been good, 
particularly for the person who can qualify for employment in a classifica- 
tion roughly identified as a “technician.” The term “technician’ has not 
been used in the report and has been replaced by the term “technical 
worker” or “technical employee.” (The problem of identification of techni- 
cal workers is discussed in Chapter 2.) . ... 

The majority of the students being trained in the California public 
junior colleges for entry occupations in electronics is located in the Los 
Angeles and San Francisco Bay areas. Outlying junior colleges also have 
electronics programs due to the geographical mobility pattern of the 
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working force in California and to the location of service agencies through- 
out the State. 

Forty-five public junior colleges in California had programs of instruc- 
tion in electrical-electronic technology during the period of this study, 
1960-61. These programs differed in many respects, particularly in the 
amount of mathematics required of a student to enter the program and in 
the amount and nature of mathematics to be included in the curriculum. 
This study of the role of mathematics in the electrical-electronic technology 
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provides data for junior colleges to use as they attempted to resolve the 
knotty problems of the technical curriculum. 

The Nature of the Study 

The study was concerned largely with the kind of mathematics the 
technical worker actually used, or needed to have knowledge of, on the 
job. From such data the junior colleges could then determine the ways 
and means of integrating or scheduling the needed mathematics into the 
technical curriculum. 

In order to accomplish the primary purpose of the study it was important 
to consider a number of related elements. Data which would be supple- 
mentary to the primary purpose and which would expand the general 
area of understanding of the total problem were obtained through the 
following activities: 

— Group discussions with electrical-electronic instructors. 

— Interviews with a selected sample of the technical workers. 

— An experimental study involving the use of self-instructional devices. 

— An analysis of instructional materials used in electrical-electronic 
programs. 

— A review of the literature related to the basic study. 

These activities provided a vast amount of data concerning technical 
workers in California, their instructors, their jobs, and their need for math- 
ematics. These data are reported in the study where appropriate in devel- 
oping the main problem of needed mathematics. 

For the most part the data were gathered by conferences with small 
groups of persons, by reviews of printed documents, and by questionnaires. 
The data concerning mathematical concepts needed by technical workers 
on the job were acquired by the use of a special adaptation of a technique 
known as the Q-sort. The Q-sort, which is described in more detail in a 
following chapter, was simply a means of getting the technical workers to 
distribute into nine different piles 66 mathematical problems according 
to the extent to which these problems were characteristic of their day-to- 
day work. 

All data acquired were subjected to exhaustive statistical treatment 
using appropriate statistical methods to determine significance, validity, 
reliability, and relationships. The facilities of the Western Data Processing 
Center on the U.C.L.A. campus were used generously in the treatment of 
data. 

The Plan of the Report 

Part I consists of a brief abstract of the entire report. Since this part 
deals with the report only in summary fashion it is necessary to refer to 
other parts, and to the appendix, for the supporting rationale, assumptions, 
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hypotheses, procedures, and other data. In addition, the recommendations 
for the entire report are shown in Part I. 

Part II consists of four chapters related to mathematical competencies 
needed by the technical worker. The interview schedule and the Q-sort 
are described in Chapter 1. Data concerning the technical worker and the 
environment in which he works are shown in Chapter 2. Description and 
analysis of workshops conducted vith electrical-electronic instructors are 
found in Chapter 3. Chapter 4 reports upon the mathematical compe- 
tencies needed by technical workers as revealed by an analysis of the 
Q-sort. 

Part III of the report is related to the general topic of instructional 
materials and includes, as Chapter 5, a report of an experimental study 
concerning self-tutoring devices. A general treatment of instructional 
materials in electrical-electronic technology is included in Chapter 6. 

Part IV consists of an appendix of three parts. Appendix A is an anno- 
tated bibliography of selected research related to the topic of the study. 
Appendix B includes a reproduction of the various forms, scales, letters 
and other materials used in the study. Appendix C consists of the data 
upon which the report was based. 

How to Use the Report 

The only purpose for which this study was made was to provide data of 
state-wide significance which could be used by junior colleges to improve 
and expand their programs of technical education which were related to 
the electrical-electronic industry. 

The report provides an adequate realistic treatment of the character- 
istics of instructors involved in the junior college program in the area of 
electronics in general. Such data could be useful when considering selec- 
tion and professional growth of instructors. 

The data concerning the technical workers employed in the electrical- 
electronic industry provide insight into the characteristics of persons em- 
ployed in the industry and have implications fcr scree: ling and selection of 
students for programs in electrical-electronicj technology. 

The data concerning the mathematical competencies needed by techni- 
cal workers were derived from the technical workers then selves. These 
data indicate the exent to which employed technical workers have need 
for mathematics in their work. 

Junior colleges can therefore use the report as an aid in selecting instruc- 
tors and students and as a means of determining how their electrical- 
electronic programs will provide experiences leading to mathematical com- 
petencies upon which technical workers place value. No attempt has been 
made to suggest specific patterns to be used because such decisions must 
be made with full knowledge of situational factors which are peculiar to 
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a particular institution. Each institution must determine how it will pro- 
vide for the needed mathematical competencies. Usual, customary, and 
traditional courses in mathematics have many advantages but also have 
severe limitations. This would be true also of a thoroughly integrated pro- 
gram of mathematics as a part of the electrical-electronic curriculum. It 
is probable that neither extreme is thoroughly appropriate. It is also prob- 
able that some combination of newly designed mathematics courses and 
an integrated mathematics structure will offer enticing advantages. 
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Abstract and Recommendatiom 



Abstract 

The persons most qualified to assess the mathematical competen- 
cies needed by technical workers in the California electronics industry are 
the workers themselves. The instructors of electronics in the California 
public junior colleges are well qualified to assess the applicability of math- 
ematical competencies to their programs. 

Job Classification 

Data were gathered from 90 technical workers, selected at random from 
44 randomly selected California electronics companies, and from 29 in- 
structors selected at random from 45 junior colleges with electronics pro- 
grams. Figure 1 shows the distribution of the technical workers among 
die nine job classifications in which they are employed and the distribu- 
tion of the instructors among job classifications in which they obtained 
their industrial experience. 

Educational Attainment 

The two methods of collecting data from the technical workers and 
electronics instructors were: (1) individual interviews in which personal 
data and job history data were collected, and (2) Q-sorts which determined 
mathematical concepts or skills needed to perform on the job. 

The interview data were used to divide the respondents into groups 
with similar educational attainment and mathematical background. The 
distribution of technical workers and electronics instructors for educa- 
tional attainment is shown in Figure 2. 

Mathematics Achievement 

The highest level of mathematics achieved correlated highly with edu- 
cational attainment, but the relationship was not 1 to 1. This indicates that 

9 
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the respondent with the highest educational attainment is not necessarily 
the one with the most mathematics in his background. Therefore, the level 
of mathematics achieved is shown for the technical workers and the in- 
structors in Figure 3. 

Needed Mathematical Skills or Concepts 

In the body of die report the analysis of the Q-sort data is accomplished 
by partialing on the basis of job classification; however, for this abstract 
the mathematics needed on the job is reported for die technical workers 




Figure 3 

Distribution of Technical Workers and Electronics 
Instructors on Mathematics 

as a whole. The ratings of the mathematical concepts or skills used in the 
Q-sort was from 9 (most essential) to 1 (least essential). Figure 4 shows 
the mean rating given each item along with the customary groupings in 
areas of mathematics and the cut-off points used to define “essential,” 
“useful,” and “of questionable value” items. 

Before discussing the conclusions and recommendations drawn from the 
data, it is essential that the reader be acquainted with the assumptions 
upon which the research was based. It has already been stated that the 
technical workers were assumed to be qualified to assess the mathematical 
skills or concepts needed on their job. In addition, there were the following 
assumptions: 

1. Addition, subtraction, multiplication, and division were assumed to be 
essential to all productive members of our industrial society. 

2. The concept of ratio or proportion as included in algebra was representative 
enough without including the same arithmetic concept. 



12 / Th~ Hole of Mathematics in Electrical-Electronic Technology 



MATHEMATICAL I QUESTIONS 

CONCEPTS OR SKILLS J2 3 



J CONVERSION OF FRACTIOUS TO DECIMALS 
PERCENT CALCULATIONS OF TOLERANCE 
CHANCING PERCENTAGE TO DECIMAL 
CONVERSION FROM METRIC TO AMERICAN MEASURING SYSTEM 
ADDITION OF DEGREES aND MINUTES (MENSURATION) 

AREA APPROXIMATION 
GRAPHICAL INTERPRETATION 
SQUARE ROOT LONG-HAND METHOD 
DIVISION WITH SIGNED NUMBERS 
POWERS OF SIGNED NUHiEJtS 
I SCIENTIFIC NOTATION 
ESTIMATION OF ARITHMETIC PROBLEMS 
MULTIPLICATION *ITH EXPONENTS 
I DIVISION WITH EXPONENTS 
I RAISING TO A POWER WITH EXPONENTS 
I USE OF NEGATIVE EXPONENTS 
I EXTRACTING A ROOT WITH EXP0NENT3 
I USE OF FRACTIONAL EXPONENTS 
SOLUTION OF FIRST DEGREE EQUATIONS 
I RATIOS 

I SOLUTION OF SECOND DEGREE EQUATIONS 
| PYTHAGOREAN THEOREM 
I SOLUTION OF SIMULTANEOUS EQUAT10N3 
I GRAPHIC SOLUTION OF EQUATIONS 
| FACTORING 
I SPECIAL PRODUCTS 
I DETERMINANTS 
| QUADRATIC FORMUU 
I COMPLETING THE SQUARE 

I ROOTS OF SIGNED NUMBERS (INCLUDING J FACTOR) 

I LOGS TO BASE TEN 
I MULTIPLICATION WITH LOOS 
1 DIVISION WITH LOGS 
I POWERS WITH LOGS 

1 A^LICATION L OF S SINE FUNCTION OF ACUTE ANGLES 
I APPLICATION OF COSINE FUNCTION OF ACUTE ANGLES 
APPLICATION OF TANGENT FUNCTION OF ACUTE ANCLES 
I INTERPOLATION OF TABLES 
I APPLICATION OF LAW OF SINES 
I APPLICATION OF LAW OF COSINES 
I SOLUTION OF RICHT TRIANGLES 
1 USE OF RADIANS IN ANGULAR MEASUREMENT 
ADDITION OF VECTORS IN POLAR FORM 
ADDITION OF VECTORS IN RECTANGULAR FORM 
MULTIPLICATION OF VECTORS 
I DIVISION OF VECTORS IN RECTANGULAR FORM 
I FUNCTIONS OF HA1S ANGLES 
1 FUNCTIONS OF TWICE ANGLES 
| LAV OF TAN0ENT3 
I IDENTITIES 

I SERIES AND PROGRESSIONS 
1 USE OF NATURAL LOGS 
SLOPE-POINT FOJRt FOR EQUATIONS 
1 2-POINT FORM FOR EQUATIONS 
I THE DIFFERENTIAL 
I HIGHER ORDER DERIVATIVES 
I CURVE ANALYSIS 
■ FUNDAMENTAL INTEGRAL THEOREM 
| INTEGRAL AS AN AREA 
| DOUBLE AND TRIPLE INTEGRALS 
| SENARY ARITHMETIC 
^ ltna, ‘ 




Figure 4 

Mean Ratings of 63 Math. Concepts or Skills on a 9 to 1 Scale by 90 of the 
Technical Workers in 44 California E-E Companies 



3. Linear, angular, arc and volume measurements with the addition, subtrac- 
tion, multiplication, and division of units involved are covered in geometry and 
trigonometry, and need not be investigated separately. 

4. The conversion from fractions to decimals and vice versa is covered by the 
use of tables. 

5. The use of logarithmic and trigonometric tables, interpolation, extrapolation, 
and the like can be derived from the extent to which logarithms and functions 
are used. 
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0. Vectors in rectangular form and complex numbers involve the same mathe- 
matical concepts. 

7. The slide rule is a tool and not a mathematical concept in itself. 

The assignment of items in the Q-sort into “essential,” “useful,” and “of 
questionable value” was determined by analysis of the Q-sort data. The 
three categories fit nicely into another frame of reference. The “essential” 
category contains basic arithmetic skills which are considered to be needed 
by all technical workers in the electrical-electronics industry. These can 
be considered prerequisite mathematical skills or concepts, and they are 



ESSENTIAL USEFUL QUESTIONABLE 




Figure 5 

Theoretical Relationships Between Mathematical Categories, 

Training and Advancement in the Electronics Industry 

of a sufficiently low order to allow the majority of high school graduates 
to qualify. 

Those students who elect to study electronics should be required to 
master the items in the “useful” category in the process of completing their 
training. Mastery of these skills or concepts would assure sufficient knowl- 
edge of mathematics to gain entry into the industry. 

The items listed in the “of questionable value” category are of question- 
able value to the training of students for entry occupations only and are 
not of questionable value in themselves. It is proposed that these items be 
considered as part of the offering in part-time programs designed to up- 
grade employed technical workers. 

A graphical representation of the discussion above is shown in Figure 5. 
Experimental Study 

Instructional materials are considered to be highly correlated with stu- 
dent achievement and, therefore, two attempts were made to assess the 
effectiveness of instructional materials related to the teaching of mathe- 
matics for electronics. 

An experiment was conducted at Bakersfield College in the use of 
automated instruction. Experimental and control groups were used to 
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Assess the relative effect of automated instruction upon student achieve 
ment in mathematics. The results are shown in Figure 6. 



Instructional Material 

A questionnaire survey was employed to collect data on five self- 
instructional textbooks and eight commercially prepared teaching aids. 
Electronics instructors were asked to answer the following questions about 
each of the books and aids: 
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Figure 6 

Distribution of Students on Gain in Mathematics by 
Control and Experimental Groups 



1. Are you acquainted with the book or aid? 

2. Do you see an application to instruction in electronics or mathematics 
related to electronics? 

3. Have you used the book or aid in your program? 

4. Do you think this book or aid was an asset? 

The questions were so worded that if an instructor gave a negative 
response to any one of them, the subsequent questions were not applicable. 
This means that each of the four questions has a different number of 
responses. 

Eighty-nine percent of the instructors responded. There was no differ- 
entiation among the teaching aids nor among the books. Consequently, 
the responses are for the two groups as a whole. The affirmative responses 
to the four questions listed above are shown in Figure 7. 

Recommendations 

In order to define the mathematical skills or concepts to be included 
in a curriculum designed to train technical workers for occupations in 
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electronics, the first consideration should be to decide the entry level for 
which the students are being trained. 

(2) Students planning to enroll in electronics curricula should be asked 
to demonstrate that they have mastered the fundamental algebraic proc- 
esses. This would insure that all of the mathematical skills or competencies 
listed as “essential” had been mastered. Satisfactory completion of algebra 
or a satisfactory score on a standardized mathematics test should, there- 
fore, be prerequisite to enrolling in classes designed to prepare students 
for entry occupations in electronics. 
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Figure 7 

Affirmative Responses to Instructional Materials Questionnaires 

(3) All curricula in electronics should incorporate mathematics through 
the basic trigonometric functions as a minimum requirement for comple- 
tion. 

(4) Courses in electronics and mathematics designed to provide the 
necessary training to upgrade employed technical workers in electronics 
should include calculus, number theory, Boolean algebra, and the like. 

(5) Public school programs in electronics should be designed to incor- 
porate the theoretical concepts applicable to all branches of die electronics 
industry in any given occupational classification. 

(6) Teachers recruited for electronics programs should have had indus- 
trial experience in the job classifications for which the program is designed 
and should have completed mathematics beyond the level to which the 
students will be expected to achieve. 

(7) Extension courses and/or state-sponsored workshops should be de- 
veloped to provide instructors of electrcr ics with the opportunity to ga in 
advanced mathematical skills. 
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(8) The teacher training agencies in California that offer programs lead- 
ing to a baccalaureate degree should strive to include advanced mathe- 
matics courses in the programs of their students who aspire to teach elec- 
tronics. 

It is recommended that commercially prepared teaching aids be con- 
sidered an asset to instruction in electronics and be given preference over 
instructor-prepared devices. 

Example 

In order to define the mathematical skills or concepts to be included in 
a curriculum designed to train technical workers for occupations in elec- 
tronics, the first consideration should be to decide the entry level for which 
the students are being trained. On the basis of the preceding data and 
discussion, it is evident that testing and research and development should 
receive prime consideration as entry occupations. To point up the use to 
which this report can be put, the recommendations to the junior colleges 
that follow will be in the form of an example. This example is based upon 
the ass ump tion that the junior college involved has a student body suffi- 
ciently large from which to recruit students into electronics and the neces- 
sary facilities to conduct the program. 

On the basis of the report and knowledge of the electronics companies 
in the junior college area, it was concluded that a program "designed to 
prepare students to enter the electronics industry in the area of research 
and development is necessary. 

The following concepts or skills have been defined as being essential to 
technical workers in research and development: 

1. Conversion of fractions to decimals 

2. Percent calculations of tolerance 

3. Changing percentage to decimal 

4. Conversion from metric to American measuring system 

5. Square root long-hand method 

6. Division with signed numbers 

7. Scientific notation 

8. Estimation of arithmetic problems 

9. Multiplication with exponents 

10. Division with exponents 

11. Raising to a power with exponents 

12. Use of negative exponents 

13. Ratios 

14. Pythagorean Theorem 

To facilitate the teaching of the required electronics theory, knowledge 
of the foregoing list of “essential” mathematical skills or concepts would 
be required for entry into the electronics program. The entry requirements 
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in mathematics could be satisfied by having satisfactorily completed high 
school algebra (which would guarantee the completion of all 14 of the 
concepts listed above). In the absence of the prerequisite mathematics 
courses the student could gain entry into the electronics program by 
demonstrating on an entrance test that he was able to use the “essential” 
mathematical concepts. 

The mathematical competencies or skills listed below have been defined 
as being useful to research and development technical workers and will, 
therefore, be built into the curriculum. 

1. Addition of degrees and minutes (mensuration) 

2. Area approximation 

3. Graphical interpretation 

4. Powers of signed numbers 

5. Extracting a root with exponents 

6. Use of fractional exponents 

7. Solution of first degree equations 

8. Solution of second degree equations 

9. Solution of simultaneous equations 

10. Graphic solution of equations 

11. Factoring 

12. Special products 

13. Quadratic formula 

14. Completing the square 

15. Roots of signed numbers (including j factor) 

16. Logs to base ten 

17. Multiplication with logs 

18. Division with logs 

19. Powers with logs 

20. Roots with logs 

21. Application of sine function of acute angles 

22. Application of cosine function of acute angles 

23. Application of tangent function of acute angles 

24. Interpolation of tables 

25. Application of Law of Sines 

26. Application of Law of Cosines 

27. Solution of right triangles 

28. Use of radians in angular measurement 

29. Addition of vectors in polar form 

30. Addition of vectors in rectangular form 

31. Multiplication of vectors 

32. Division of vectors in rectangular form 

33. Functions of half angles 

34. Functions of twice angles 

35. Use of natural logs 

36. Slope-point form for equations 

37. 2-point form for equations 
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To insure the ability of the instructor to teach the required mathematics, 
the person recruited to teach this proposed curriculum in research and 
development technology for electronics would have had experience in 
research and development in industry and would have completed mathe- 
i '•tics through the calculus, even though the calculus itself is not included 
in the concepts to be taught in the curriculum. 

To provide the opportunity for the research and development workers 
in local industries to upgrade themselves, extended-day classes would be 
offered in advanced mathematics including the calculus number theory 
and Boolean algebra. 

Recommendations for Further Research 

1. Research is needed in the area of physics, chemistry, and property of 
materials applicable to electronics to help define the extent to which they 
should be included in electronics curricula 

2. A long-term follow-up of the graduates of programs in electronics 
technology should be made to determine the occupational success of these 
graduates in comparison with industry-trained, service-trained and un- 
trained technical workers in industry. 




Part II 



Chapter 1 

THE INTERVIEW SCHEDULE 
AND THE QjSORT 



Developing the Interview Schedule 

Hie determination of die data to be obtained by interviewing 
technical workers was dictated to a large degree by two obvious variables: 
the amo unt of formal education completed and the amount of mathematics 
studied. 

It was apparent that the amount of formal education and of mathe- 
matics studied would have a bearing upon the amount of mathematics a 
technical employee used on his job, or at least would have bearing upon 
his opinion concerning mathematics needed on his job. Therefore, in the 
process of interviewing technical employees, data concerning the amount 
of formal education and the level of mathematics achieved were collected. 
Formal education was broadly interpreted to include public schools, pri- 
vate schools, military service schools, correspondence courses, and classes 
held in industry. Because formal education was broadly defined, it was 
necessary to devise a scale of equivalency to indicate achievement of each 
of the technical workers. The customary units of high school or college 
courses completed were not satisfactory because military service schools 
and classes conducted in industry are not measured in this fashion. The 
assessment of formal education achieved and formal mathematics com- 
pleted took place during the interview with the technical employee and 
his placement on the following scales was determined: 

5 — Associate of Arts + 

6 — Bachelor of Arts or equivalent 

7 — Master of Arts or equivalent 

8 — Master of Arts + 

21 



Formal Education 

1 — less than high school 

2 — high school or equivalent 

3 — high school + 

4 — Associate of Arts or equivalent 
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Baccalaureate and higher degrees were included in the classification of 
formal education in order to permit classification of the electronics in- 
structors on the same scale with the technical workers. 

The respondents were asked to recall the courses in mathematics they 
had studied in high school, college, and/or other formal educational pro- 
grams. These were then classified according to the following categories: 



Formal Mathematics 

1 — none 

2 — arithmetic 

3— plane geometry 

4 — algebra 

5 — intermediate algebra 

6 — solid geometry 



7 — higher algebra 

8 — trigonometry 

9 — analytical geometry 

10— differential calculus 

11 — integral calculus 

12 — beyond 



The assumption was made that a person who completed the mathematics 
courses identified by any point on the scale would not necessarily have 
completed all of the courses listed below that point; but he would have had 
to master the aspects of the preceding courses that are prerequisite to the 
course at that particular point on the scale. 

As a part of the interview process, the technical employees were asked 
to identify the factors that influenced their choice of occupation. It was 
anticipated that there would be considerable personal influence involved 
in occupational choice. During the interview, the technical employees 
were asked to identify (by name, if possible) any individual who had had 
an effect upon their occupational choice. If they could not remember any- 
one having influenced them, or if they credited someone with having 
influenced them, but could not recall the individual’s name, it was re- 
corded as “no personal influence.” It was anticipated that military service 
or other employment circumstances influenced occupational choice. This, 
too, was investigated in die process of interviewing. 

The question concerning the development of an interest in electronics 
by technical workers (whether there was any personal influence involved 
and where they received their training) was ah attempt, in addition to 
investigating the mathematical skills necessary, to identify the extent to 
which public education had contributed to occupational-vocational guid- 
ance of the technical workers currendy employed in the industry. 



Occupational Mobility 

The occupational experience pattern of the respondents was considered 
to be an important variable that might have an effect upon the Q-sort. For 
this reason a job history was solicited from each respondent. The job his- 
tory was pursued far enough to enable the investigator to determine 
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whether the individual involved was stable within the occupational area, 
horizontally mobile within the occupational area, or vertically mobile. 

Job stability needs no definition; however, horizontal and vertical mo- 
bility do. For the purposes of this study, horizontal mobility means that 
the technical employee has made two or more job changes within the past 
three years without substantially improving his status. Vertical mobility 
means that the technical employee has made two or more moves, each of 
which improved his occupational status. 

It seemed imperative to check the validity of the job histories reported 
by the technical employee. Nine of the interviewees (10 percent of the 
total) were selected and their job histories and formal education, as re- 
ported, checked against the job histories and formal education on file with 
the personnel office of their employers. Of the nine investigated, two had 
actual job histories slightly different from those reported. In each instance, 
however, the difference was not great enough to change their classification 
by mobility. This investigation satisfied the validity requirements of this 
phase of the research report. 

Developing the Q-Sort 

To identify the mathematics continuum, a variety of published 
studies was consulted. A study by David Allen listed approximately 100 
mathematical skills or competencies needed in the electrical-electronics in- 
dustry in California. 1 In addition, standard texts, final examinations admin- 
istered at the junior colleges in the State, and interviews with 25 teachers of 
electronics who were attending the 1960 summer session at U.C.LA. were 
used. Each of the teachers interviewed was asked to submit five problems 
representative of concepts or skills that they would expect their graduates 
to master. All of the skills and concepts accumulated from the aforemen- 
tioned sources were grouped according to similarity and arranged in a 
logical sequence. It was assumed that knowledge and understanding of 
the fundamental arithmetic skills (addition, subtraction, multiplication, 
and division of whole numbers) could be deleted from the list since such 
concepts were representative of the needs of society as a whole. 

Sixty-six mathematical concepts evolved, ranging from the more complex 
arithmetic processes to integral and differential calculus. Typical problems 
were then developed that represented these specific mathematical concepts 
or skills. The problems were constructed to represent each skill or concept 
involved and were screened to be sure that the jargon of the electrical- 
electronics industry had been omitted, and that as often as possible only 
one mathematical skill or concept was represented by the problem. 

1 A Guide for Developing Electronics Courses, Electronic Committee of die Local 
Administration of Vocational and Practical Arts, and the Bureau of Industrial Educa- 
tion, Second Edition, California State Department of Education (Sacramento: 1960). 
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In the process of the Q-sort the interviewees were asked, to make a 
forced normal distribution of the mathematical skills or concepts (which 
were printed on 66 cards) into nine piles with the distribution of the cards 
ranging from those representative of problems most similar to the prob- 
lems encou: „ered on the job to problems which were least similar to the 
problems em wintered on the job. (The directions, reporting forms, and 
sample problems used in the Q-sort are shown in Appendix B.) 

By definition, the technical workers included in die sample (see Chapter 
2) had to make use of basic electrical-electronics theory on the job. This 
eliminated the workers whose jobs were repetitive. If the technical worker 
used the entire range of mathematics, it was assumed that the resulting 
sort would follow the recommended order of instruction in mathematics. 

The Q-sort, as it was used in this study, seemed the best possible way 
to determine whether specific skills or concepts in algebra, trigonometry, 
and other branches of mathematics were widely used while others in the 
same broad categories of mathematics were seldom used. 

Pilot Study 

A pilot study was conducted for the purpose of checking: (1) whether 
the questions to be asked were meaningful and capable of being answered 
by technical workers in industry; (2) the time required to complete die 
Q-sort (this proved to be between 45 and 70 minutes); (3) the validity of 
the problems (determining whether the problems truly represented the 
mathematical skill or concept that they were intended to represent). 

The pilot study consisted of 18 interviews with technical workers in the 
electrical-electronics industry in Southern California. These workers were 
selected because they had been identified by their employers as having 
mathematical skills and as being able to recognize the skill or concept 
involved in each problem. After the interview and the sort an extensive 
discussion was held with each interviewee to determine whether he could 
in fact identify the specific mathematical skills or concepts represented on 
each of the 66 problems. As the result of these interviews, a number of 
problems were changed. There were items that unwittingly included elec- 
trical or electronic terminology in the symbols used in the mathematical 
problems. A good example was the use of “db” as a literal number, whereas 
in electronics it represented decibels. Another example was the use of “S” 
as a literal number, whereas in electronics it represented the complex “j” 
factor. After each interview, the Q-sort problems were re-evaluated and 
changed so that by the time the 18 interviews had been completed, the 
last three interviewees were able to identify the mathematical skills or 
concepts represented by each of the 66 problems. 
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Falsifiers 

During the process of constructing the Q-sort, three items were injected 
that were f als e or mathematically impossible. One was for die calcu us, 
one for binary arithmetic, and one for Boolean algebra. The purpose of 
the falsifiers was to identify the respondents who recognized the mathe- 
matical skills or competencies involved and included them in the essen- 
tial” category but could not have made use of the skill or competency in 
that they were unable to differentiate these falsifiers from the other ex- 
amples. During the process of recording the Q-sort, notice was taken of 
the placement of the falsifiers in the sort. If a respondent placed the false 
items in the “essential” or “useful” category, a discussion with the respond- 
ent was held to provide an opportunity for him to mention the items that 
were impossible. On three occasions the falsifiers were placed in the 
“essential” or “useful” section of the sort. In each case during the discussion 
the respondent remarked that there were items that were mathematically 
impossible but he had interpreted them as mistakes and had included them 
along with the true items which represented the skill or concept involved. 
This satisfied the validity of the sort, and the falsifiers have been ignored 
in reporting the items in the Q-sort. 

Necessary Assumptions 

As has already been mentioned, the mastery of addition, subtraction, 
multiplication, and division was assumed essential to productive members 
of our industrial society. In addition, other assumptions were made and 
validated during the interviews with 18 technical workers and 33 instruc- 
tors. These were as follows: 

1. The concept of ratio or proportion as included in algebra was sufficiently 
representative to make it unnecessary to include the same arithmetic concept. 

2 Linear, angular, arc, and volume measurements, including addition, sub- 
traction, multiplication, and division of units are covered in geometry and trigo- 
nometry, and need not be investigated separately. 

3. The conversion from fractions to decimals and vice versa is covered by the 

use of tables. ,, . . . . 

4 Knowledge of logarithmic and trigonometric tables, interpolation, extra- 
polation, and the like can be derived from the extent to which logarithms and 

functions are used. , . , . 

5. Vectors in rectangular form and complex numbers involve the same mathe- 
matical concepts. , c 

6 . The slide rule is a tool and not a mathematical concept m itselt. 

Summary . . , . . , 

Gathering information concerning the role of mathematics m electrical- 

electronics technology required that certain technical workers be inter- 
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viewed and be asked to participate in supplying data concerning them- 
selves and their use of mathematics. 

Personal data were to be obtained. The interview schedule included 
provisions to identify the extent of formal education completed and the 
nature of formal mathematics studied. In addition, it was important to the 
study to inquire into the nature and circumstances of the occupational 
choice of the technical workers, and to record information concerning the 
job history of the technical workers. From these data the occupational 
mobility of technical workers could be studied. 

A technique known as the Q-sort was used to determine the amount of 
mathematics actually used on the job. This made it possible for the tech- 
nical worker to make a distribution (from a previously prepared list of 
problems representative of mathematical skills or concepts) of the prob- 
lems which were most like those he actually encountered in his work to 
those which were least like those encountered in his work. The Q-sort was 
used as the basis for determining the role of mathematics in electrical- 
elec ironies technology. 






Chapter 2 

THE TECHNICAL WORKER 



The Industrial Universe for the Study 

It was intended that the sample of technical workers to be in- 
cluded in the study be representative of all technical workers in the State 
employed in the electrical-electronics industry. To insure representation, 
it was necessary to have randomly selected technical workers from ran- 
domly selected electrical-electronics companies. 

The list of companies involved in the manufacture, installation, repair, 
and service of electrical-electronics components, sub-systems, and systems 
was derived from the following sources: (1) directory of the Western Elec- 
tronics Manufacturers’ Association; (2) Electronic Sources, published by 
Directories of Industry, Inc.; (3) rosters of advisory committees serving 
j unio r college electronics courses; (4) Californio Manufacturers Annual 
Register, 1960; (5) Federal Communications Commission List of Radio 
and TV stations; (6) directories prepared by Chambers of Commerce and 
County Boards of Trade for the major cities in the State; and (7) the yellow 
pages of telephone directories. 

The name and location of each company were punched on IBM cards 
(the list included the various branches of the large corporations). When 
all of the sources had been listed, the cards were alphabetized and printed 
and duplications were removed. A total of 2,643 specific installations com- 
prised the list of the State’s electrical-electronics industry. With the aid 
of a table of random numbers, a sample of companies was selected. The 
original sample was 50, with two matched alternates for each. 

The total number of companies contacted was 86, of which 44 were 
included in the study. Thirty-nine companies were rejected because they 
did not employ technical workers of the classification desired, or because 
they employed only one or two such workers. Three companies which met 
the requirements of the study refused to participate. The breakdown by 
sample, first alternates, and second alternates is shown in Table I. 

27 
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TABLE I 



Distribution op Companies Contacted by Sample and Alternates 





1st sample 


1st alternate 


2nd alternate 


Totals 


Companies contacted 


50 


22 


14 


86 


Companies participating in study 


28 


8 


8 


44 


Rejected 


19 


14 


6 


39 


Companies refused to participate 


3 


0 


0 


3 



Selecting the Sample of Technical Workers 

Inquiries were made of each of the companies to determine 
whether they employed technical personnel that fell within the scope of 
the study. The next step consisted of a visit with the chief personnel 
officer, factory superintendent, or general manager, to solicit cooperation 
in the research. At this point, the person authorized to give approval to 
participate was given a prospectus of the study and copies of die interview 
schedule and Q-sort information. Once permission had been obtained to 
interview die technical workers and to give the Q-sort, a number of tech- 
nical workers were selected at random from die total technical working 
force. This number had been previously set in relation to the total number 
of employees who fell within the general classification of technical worker. 
This was accomplished in a variety of ways dependent upon the size of 
the group involved. If the total number of such workers was 30 or fewer, 
th e y W ere given consecutive numbers, and those to be interviewed were 
drawn from a hat. If the number was above 30, they were also given con- 
secutive numbers, and the starting point for selection was drawn from a 
hat, and every nth man was picked. 

Definition 

There have been numerous efforts to define die technical employee and 
his place in industry. The following definition is similar to many, but a 
litde more precise than most: 

The technician is a person who works at a job which requires applied technical 
knowledge and applied technical skill. His work in this respect is somewhat akin 
to that of the engineer, but usually narrower in scope. His job also requires some 
manipulative skills, those necessary to handle properly the tools and instruments 
to perform the technical tasks. In his special field he has considerable technical 
knowledge of industrial processes, and in the field he knows how to apply the 
necessary principles of the physical sciences and mathematics. In general, he uses 
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instruments in contrast with tools. His contribution is mainly through mental 
effort in contrast with muscular exertion. 1 

For the purpose of this study, technical employees in the electrical-elec- 
trr nics industry were defined as “skilled workers who are required on their 
jobs to apply basic electrical-electronic theory.” This definition was limited 
by an additional requirement that the “skilled workers” have not as yet 
received a baccalaureate degree. This was intended to, and did, eliminate 
the engineers who were performing technicians’ jobs. 

From the 44 companies that participated in the study, 90 technical 
workers, selected at random, were interviewed and were given the Q-sort. 
These 90 were representative of the 963 technical workers employed in the 
44 companies. 

Development of Job Classifications for Technical Workers 

The specific classifications within the broad classification of tech- 
nical worker were determined by defining operationally the jobs of the 
employees included in the study. The job functions of those employees 
who performed similar functions were grouped into one classification, and 
the description of this classification became a synthesis of the operational 
definitions of the jobs of the men who fell within this classification. By this 
method, nine classifications were established, and the technical workers 
who fell into each classification did approximately the same type of work. 
These classifications are as follows: 

Testing 

Performs product tests (test after production) from specifications. Tests 
and troubleshoots components, sub-systems, and systems to locate causes 
of failure. Checks components, sub-systems, and systems for capability of 
doing the job for which they are designed (reports findings to engineer or 
supervisor). Conducts operational checks on instruments such as oscillo- 
scope, VTVM, multimeter, signal generator (AF-RF), and E-put meters. 

Field Service 

Installs, maintains, and/or repairs complex electrical or electronic equip- 
ment (work is generally performed on customer’s premises). Troubleshoots 
and makes necessary adjustments and repairs (adjustments and repairs 
are commonly made with the aid of the manufacturer’s detailed specifica- 
tions and maintenance manuals). 

Plant Maintenance 

Constructs, installs, maintains, and/or repairs electrical and occasionally 
electronics in-plant equipment. Troubleshoots and makes adjustments 

1 Vocational-Technical Education for American Industry, U. S. Department of 
Health, Education, and Welfare, circular No. 530 (Washington: 1958), p. 1. 
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and/or repairs to obtain satisfactory operation, i.e., rewires or rewinds 
electrical motors. Understands and applies knowledge of simple circuitry 
(generally works without prints and diagrams). 

Instrument Maintenance 

Tests, adjusts, maintains, calibrates, repairs, and modifies electronic and 
electrical test equipment. Performs periodic functional tests on all types 
of electrical and electronic instruments to determine if equipment meets 
specifications. Generally works from equipment manufacturers manual to 
insure measurement within the specifications. 

Research and Development 

Works from schematics and/or verbal instructions to build ‘‘bread- 
boards” of design circuits and prototypes (the initial model of production 
item). Sets up testing procedures and designs test programs to check out 
production items. Designs or participates in die design of electro-mechan- 
ical packaging and sets up environmental test procedures. Checks and 
calibrates prototypes of production items; makes modifications and re- 
designs circuits when and where necessary; uses complete line of elec- 
tronic test equipment. 

Design Drafting 

Prepares derailed drawings and circuit diagrams (from rough sketches, 
block diagrams, or verbal instructions, furnished by engineers or designers) 
to be used in the installation and manufacture of various types of elec- 
trical or electronic equipment; makes modification in drawings as required 
by engineering changes. 

Communications 

Installs, maintains, and repairs radar, telemetry, sonar, NAV-AID radio 
transmitters, and similar equipment; insures operation of the equipment 
within specifications, makes on-the-spot adjustments, replacements, or 
modifications required; performs periodic functional checks to guarantee 
continuous operation; uses multimeter, VTVM, milliammeter, tube checker, 
oscilloscope, pulse generator, RF generator, audio oscillator, sound ana- 
lyser, spectrum analyser, echo box, and other similar instruments. 

Computer 

Lays out experimental computer circuits from engineering sketches, 
using knowledge of computer logic, transistors, semi-conductors, circuit 
analysis, and other electronic computer technical skills; prepares test data 
and charts indicating operating characteristics under each of the test 
conditions to which the component or system was subjected; applies 



